INTRODUCTION
Progressive multifocal leukoencephalopathy (PML) is a rare, potentially fatal, demyelinating disease of the human brain caused by the JC virus (JCV), a human polyomavirus. It is thought that PML occurs following reactivation of JCV in the setting of severe cellular immune deficiency. Reactivation of JCV causes a lytic infection of oligodendrocytes and destruction of brain tissue.
Most investigators have found that JCV infection often occurs during childhood, apparently without clinical symptoms. Seroprevalence rates vary in the literature based on the population and ethnical origin investigated. Egli et al 1 reported a seroprevalence rate of 58% in healthy adults consistent with recent prevalence data of anti-JCV antibodies determined in multiple sclerosis (MS) patients. 2 PML is a well-known complication in immunosuppressed patients, particularly in those with AIDS, haematological malignancies (eg, lymphoproliferative disorders), organ or haematopoietic stem cell transplantations, and those exposed to antineoplastic or immunosuppressive therapies. While the aspects that trigger JCV pathogenicity are not known, it has been assumed that viral mutations increase pathogenicity. 3 Novel immunosuppressive/modulating therapies with monoclonal antibodies (MABs), for example, natalizumab, rituximab, alemtuzumab, efalizumab and brentuximab vedotin, have been associated with PML. 4e6 The early neurological symptoms may be nonspecific or subtle and dependent on the initial focus of the reactivation in the brain. Thus, it may be difficult to differentiate first symptoms of PML from the underlying disease for which MABs are used (particularly relapse/progression of MS ordas a much less frequent usedcentral nervous system (CNS) systemic lupus erythematosus 7 ). In addition, first clinical symptoms of PML in patients treated with MABs for lymphoma may initially be suspected as CNS involvement by lymphoma. 8 Besides, concomitant diseases with neurological symptoms such as other neuroinflammatory conditions, stroke or cerebral malignancies may mimic clinical signs suspicious of PML.
Considering a high level of awareness of the PML risk among physicians, many cases may be reported as suspected PML cases at the onset of new neurological symptoms. Thus, physicians may need to monitor a patient over weeks with repeated MRI and cerebrospinal fluid (CSF) testing, as well as continuing to watch for clinical progression or even performing brain biopsy, before the diagnosis of PML can be finally confirmed or rejected. As a consequence, initial reports by physicians may not contain all the necessary information for final ascertainment. Furthermore, passive surveillance reporting may not be as complete as reporting from studies. However, for signal detection and risk analysis it is not acceptable to disregard or underestimate less complete reports.
Objective
Taking the complex diagnostic testing (eg, MRI, PCR) and heterogeneous clinical presentation of PML into account, an agreed case definition for PML is a prerequisite for a thorough assessment of PML. This is also acknowledged by European Union and US regulators. 9 The aim was to develop a standardised case definition for PML associated with MABs in order to enhance data comparability across different clinical trials, passive surveillance systems and postauthorisation safety studies. The case definition is designed to define the levels of diagnostic certainty of reported PML cases following treatment with MABs.
METHODS
A working group of experts in neurology, virology, haematology and pharmacovigilance was established to assess and discuss their experience with the diagnosis and treatment of PML. A case definition was developed based on the exploratory review of literature and group consensus. Analogous to the model of the Brighton Collaboration case definition, 10 level 1 reflects the highest level of diagnostic certainty, level 2 reflects an intermediate and level 3 a low level of diagnostic certainty but a high level of sensitivity. Level 4 means that the evidence available for a reported event of PML is insufficient to permit classification at any level of diagnostic certainty (eg, information to confirm with certainty or to exclude PML is still missing). Level 5 reflects the exclusion of the initial PML suspicion. For pharmacovigilance purposes, a case is considered as PML if the description meets the levels 1e3 criteria. Although the case definition is independent from the causality assessment between PML and the medicinal product, it is considered to be a prerequisite for causality assessment.
In a second step, the proposed case definition was retrospectively applied to all suspected German PML cases reported to the Paul-Ehrlich-Institute (PEI). Reporting of suspected PML cases to the PEI as the responsible national competent authority is mandatory for marketing authorisation holders according to the German Medicinal Products Act and European Regulation 726/ 2004 EC. Elements for reporting are described in the guideline E2B(R2) of the International Conference on Harmonisation. 11 In Germany, physicians and pharmacists are obliged to report suspected adverse reactions to the respective professional commissions (Drug Commission of the German Medical Association/ of German Pharmacists) which exchange information with the PEI. In order to retrieve reported suspected cases of PML, the PEI adverse drug reaction database was queried against the MedDRA (medical dictionary for regulatory activities) preferred terms 'progressive multifocal leukoencephalopathy' (10036807), 'JC virus infection' (10023163), 'human polyomavirus infection' (10057366), 'leukoencephalopathy' (10024382) and 'leukoencephalomyelitis' (10048999). The result of this query was manually evaluated thereafter. Each chart was reviewed and the case definition was retrospectively applied to each reported suspected PML case. Patient characteristics and first symptoms of PML were described.
CASE DEFINITION
The following diagnostic key elements have been translated into the case definition by the working group.
Clinical symptoms
The presence of new focal neurological deficits that may be subacute during onset may point towards PML. Cognitive dysfunction (eg, confusion) or recent changes in behaviour or personality, motor symptoms (eg, hemiparesis or focal paresis), language or speech disturbances (aphasia/dysarthria), visual disturbance (eg, hemianopsia), ataxia/loss of motor coordination and seizures have been frequently reported as first symptoms of natalizumab-associated PML. 12 13 Common presenting symptoms of PML in patients treated with rituximab included cognitive dysfunction (confusion, disorientation), motor weakness/hemiparesis, poor motor coordination/ataxia, language/ speech difficulties or visual symptoms. 5 14 Similarly, in efalizumab-associated PML, patients often displayed memory difficulties/altered mental status, changes in behaviour or mood, motor weakness, or language/speech difficulties. 15 16 However, less frequently, other symptoms have also been reported as presenting clinical features (eg, sensory symptoms in patients treated with natalizumab, 13 rituximab 14 or efalizumab, 15 or myoclonus in a natalizumab- 12 or rituximab-treated patient 14 ). As clinical symptoms of PML are not pathognomonic, differential diagnosis for new neurological symptoms needs to be thoroughly performed (eg, MS relapse or other neuroinflammatory conditions (such as neuropsychiatric lupus erythematosus or CNS vasculitis), other neuroinfectious conditions (such as HIV encephalitis/HIV encephalopathy or opportunistic infections, eg, toxoplasmosis), stroke, brain tumour, CNS lymphoma).
In particular, it may be challenging to differentiate symptoms of PML from those of an acute MS relapse. However, in contrast to relapsing-remitting MS, PML shows slowly progressive focal neurological deficits.
MRI
A main pillar for the diagnostic confirmation beside the progressive clinical deterioration is the MRI. A standard cranial MRI protocol such as proposed for natalizumab 17 is important for diagnostic sensitivity and specificity. Some particularly important aspects are (1) scanner field strength $1.0 T, (2) slice thickness #5 mm covering the whole brain without interslice gap, (3) scan orientation on the subcallosal line and exact repositioning (three-plane localiser), (4) fluid attenuated inversion recovery (FLAIR) sequences (axial and sagittal, if possible) and proton density-weighted sequences apart from standard T2-weighted sequences and (5) administration of contrast medium (gadolinium) in a standardised protocol of T1-weighted imaging with more than 5 min delay (and at most 10 min delay) after contrast injection.
As seen on MRI, single or multifocal PML lesion(s) frequently affect the subcortical hemispheric white matter with involvement of U fibres, but the lesions might also be located, for example, periventricular or in the white matter of the cerebellar hemispheres or peduncles. Although PML lesions typically involve the white matter, grey matter involvement can occur. PML lesions are often asymmetric, particularly in the early stage of the disease. Normally, there is no mass effect in PML lesions in contrast to some acute tumefactive MS lesions. PML lesions are (partially) hypointense on T1-weighted MR imaging and hyperintense on T2-weighted images, FLAIR images and proton density-weighted images. Newer lesions and the advancing edge of large lesions have a high signal on diffusion-weighted images, with reduced signal intensity typically being seen in the core of these lesions. 7 12 14 18 19 Unlike in classic PML, where gadolinium enhancement in MRI is usually minimal or absent, 12 of 28 natalizumab-treated patients, who developed PML, had gadolinium enhancement at the time of diagnosis. 13 However, there is no evidence that this rituximab-associated PML 14 and in AIDS-associated PML. 21 As a consequence, differentiation between PML lesion and MS lesion with certainty based on MRI alone is often not possible, particularly not in the early stage of disease. Thus, the diagnosis of PML cannot be made with certainty based on clinical symptoms and MRI findings alone, because both are not pathognomonic, and the differential diagnosis may still include MS exacerbation (in patients treated with natalizumab) or other conditions (eg, stroke), particularly in the early stage of disease.
Virological and histopathological testing
The confirmation of a suspected case of PML requires the presence of JCV DNA in the CSF by PCR or a histopathological confirmation in a brain biopsy/autopsy.
When the suspicion of PML persists after physical examination and MRI, a PCR for JCV DNA in the CSF is obligatory. The PCR should be conducted in a laboratory with specific virological expertise. A real-time PCR should be performed to ensure maximal sensitivity and specificity for detection. However, a negative JCV PCR result does not exclude PML (CSF can be negative for JCV DNA despite clinical and MRI findings, eg, in early PML or during IRIS). 22 If the suspicion of PML persists, PCR for JCV DNA in the CSF should be repeated. 23 Testing for JCV DNA in serum, plasma or urine is not useful for making or excluding a PML diagnosis and has no diagnostic value regarding PML. 2 However, the presence of only JCV DNA in the CSF without clinical symptoms and without MRI features consistent with the diagnosis may be insufficient to confirm a case of PML. For example, in a PCR analysis 24 of 210 cell-free CSF samples and of 42 CSF cell samples, each from MS patients, a low copy number of JCV DNA was detected in one cell-free CSF sample (1/210, 0.5%) and in one CSF cell sample (1/42, 2.4%). These two patients have been followed up clinically for 24 and 30 months, respectively, without developing any signs of PML. These data show that even with a validated PCR method in an experienced laboratory with specific virological expertise, a low copy number of JCV DNA can be detected in the CSF of persons without PML in rare cases. Thus, a diagnosis of PML must rely on a combined assessment of clinical picture, brain MRI and JCV PCR in CSF. For cases with incomplete or insufficient information, follow-up data need to be diligently sought to allow a classification of the case.
In rare instances (eg, repeatedly negative JCV DNA PCR in CSF and clinically persisting suspicion of PML), a brain biopsy needs to be taken into consideration. Histological PML features include focal areas of demyelination, enlarged oligodendrocytes and large 'bizarre-looking' astrocytes.
By immunohistochemistry, JCV proteins (large T antigen and VP1 capsid protein) are detectable on a brain biopsy sample of a PML lesion in most cases. In a recent study, 25 JCV large T antigen was found in brain samples of 21/24 (88%) HIV-positive PML patients, VP1 capsid protein in brain samples of 20/24 (83%) HIV-positive PML patients and in 23/24 (96%) HIVpositive PML brain samples either one or both of these JCV proteins were expressed. In the same study, large T antigen (but not VP1 capsid protein) was found in one brain sample each from a HIV-positive (1/18, 6%) and HIV-negative (1/19, 5%) control group without PML.
A positive histological examination and an immunohistochemical detection of JCV proteins are required to provide evidence for PML from a brain biopsy (or alternatively a positive histological and electron microscopic examination). JCV DNA can be detected by in situ hybridisation in the brain of individuals without PML. 25 Thus, the sole detection of JCV DNA in a brain biopsy is not sufficient to provide evidence for a PML.
Key elements of the case definition are presented in box 1. The algorithm is based on clinical symptoms, PCR testing, MRI and brain biopsy/autopsy. Although the clinical presentation is not pathognomonic, clinical symptoms usually trigger a subsequent diagnostic work-up and are therefore considered as a key element for the case definition. It is acknowledged that the pathological evaluation (brain biopsy/examination of brain tissue) is the most specific diagnostic tool, but its use is limited.
APPLICATION OF PML CASE DEFINITION
Up to 27 July 2011, a total of 119 suspected cases of PML in association with MABs in Germany were reported to the PEI. Of those, 94 suspected cases were reported as postmarketing spontaneous reports, 22 from postmarketing studies and three reports from clinical trials. The number of reported suspected PML cases by medicinal product and underlying disease and the assessment according to the proposed case definition are presented in table 1. The majority of reports were notified for natalizumab (n¼72), followed by rituximab (n¼39). For efalizumab (Raptiva), for which the marketing authorisation in the European Union and in the USA was withdrawn in 2009 due to an unfavourable risk to benefit ratio, three suspected cases were reported. Four suspected cases were received for alemtuzumab and one case for ofatumumab. In all, 45 reports (37.8%) fulfilled the proposed case definition (levels 1e3) with sufficient diagnostic certainty, and 45 reports (37.8%) were assessed as level 4, mainly because of missing information (42/45) with regard to the certainty of the PML diagnosis. In three reports, the given information was not compatible with levels 1e3 and was not sufficient to exclude a PML. Missing or incomplete information was related to JCV DNA PCR in the CSF (n¼40), MRI (n¼34) and (specific) clinical symptoms (n¼15). In four reports in which a PML was (clinically) ruled out according to the reporting physician, information about an alternative diagnosis was not available, and in four reports, information regarding brain biopsy/brain tissue sample was incomplete. Altogether, examination of brain tissue was performed in 11/119 (9.2%) reports.
According to the case definition in 29 reports (24.4%), all following therapy with natalizumab, PML was excluded, and an alternative diagnosis was established (n¼26: relapse, exacerbation, rebound or progression of MS, n¼1: each posterior reversible encephalopathy syndrome, stress reaction and aggravated depressive syndrome in combination with circulatory disorder).
Patient characteristics of levels 1e4 cases are presented in table 2. Nineteen patients (21.1%) died. The percentage of reported fatalities differed among patient groups. In PML patients with underlying malignancies, the death rate was higher compared with patients with MS. Thus, the status of the malignant disease may have contributed to the unfavourable outcome.
Overall, there is an equal distribution of males and female subjects with regard to levels 1e4 PML reports. Of note, an inverse distribution of sex was reported for levels 1e4 cases following natalizumab and rituximab. This observation is most likely consistent with the sex-related frequency of the diseases covered by the respective indications. The age range of patients with levels 1e4 is wide (23e83 years of age). The same is true of the duration of the MAB treatment before onset of symptoms.
A range of different first symptoms has been reported in levels 1e4 PML cases (figure 1) indicating that PML clinical symptoms are not pathognomonic.
DISCUSSION
We propose a case definition which combines several diagnostic findings as well as clinical symptoms. We applied the proposed case definition to 119 suspected cases of PML following treatment with MABs. A total of 45 case reports were assessed as meeting the criteria for diagnostic certainty (levels 1e3); in 29 reports, a PML was excluded according to the case definition (level 5), and in 45 reports, no definite case ascertainment could be performed mainly due to missing information (level 4). It is notable that the amount of information concerning diagnostic certainty varied among the different MABs with generally more complete information available for natalizumab. This may be partly related to the established PML algorithm used for patients treated with natalizumab. The high percentage of level 4 reports yOut of these, in 32 cases haematological malignancies and in two cases RA were reported as indication for therapy with rituximab, one case is attributed to a patient with Wegener's granulomatosis and in four cases no specific indication was available. For PML patients treated with rituximab due to haematological malignancies, the underlying disease may have contributed to the occurrence of PML. zOut of these, in eight cases haematological malignancies were reported as an indication for therapy with rituximab, one case is attributed to a patient with Wegener's granulomatosis and in two cases no specific indication was available. The underlying disease may have contributed to the fatal outcome.
xFor PML patients treated with alemtuzumab or ofatumumab due to B-CLL, the underlying disease may have contributed to the occurrence of PML and to the fatal outcome. B-CLL, B cell chronic lymphocytic leukaemia; MABs, monoclonal antibodies; MS, multiple sclerosis; NA, not applicable; PML, progressive multifocal leukoencephalopathy; RA, rheumatoid arthritis.
(37.8%) underlines the importance of a PML case definition. The case definition provides guidance on essential data to be collected by physicians in clinical practice, and it facilitates the specific request for missing information by national competent authority and marketing authorisation holders. Considering the complex diagnosis and the heterogeneous clinical presentation of PML, a case definition is a prerequisite for a thorough assessment of PML. The proposed case definition can be used for case ascertainment of suspected PML cases for various MABs covering a broad spectrum of indications. In addition, it will permit a common understanding of frequencies or reporting rates of PML associated with different MABs and thereby will facilitate comparisons among products. To our knowledge, this is the first published case definition for MABassociated PML. We applied the case definition retrospectively to reported suspected PML cases following treatment with MABs. A prospective testing of the diagnostic criteria will be a necessary next step. A further step will be an evaluation of the applicability of the case definition to non-MAB-associated PML.
We developed a dynamic case definition. The level of diagnostic certainty may change for a certain case subsequently to availability of more complete information (eg, multiple PCR or MRI results becoming available). Even in cases where the available information is not yet complete, the case definition provides a level of scientific certainty of the diagnosis. Thus, it is equally applicable to active as well as passive surveillance settings.
Several case definitions follow well-established, clinical definition formats as 'definite', 'probable' and 'possible' cases. The working group deliberately avoided using this terminology, because this grading can apply equally to causality assessment and diagnostic certainty. The proposed case definition focuses on diagnostic certainty, not on causality.
Detection of JCV in the CSF PCR is usually highly indicative of the diagnosis of PML. However, JCV PCR may be negative especially in early PML as well as during IRIS despite typical clinical and radiological features. Usually, clinical symptoms of PML trigger additional diagnostic examinations. It is acknowledged that there have been a few reports of PML diagnosed by routine MRI findings and subsequent CSF PCR positivity without evidence of clinical symptoms. In our analysis, PML was suspected only in one report in a patient without any clinical symptom(s) on the basis of a pathological MRI. However, as this constellation is considered to be the exception and only relevant if routine MRI is recommended for patients treated with a certain MAB, we considered the triad of clinical symptoms consistent with PML, characteristic brain MRI and CSF PCR positivity as essential to meet level 1 criteria (if there is no evidence of PML from a brain biopsy or autopsy). PML cases without clinical symptoms but characteristic MRI and positive PCR for JCV DNA in the CSF will be classified as level 3 and are thus covered by the proposed case definition.
A two-step ELISA for detecting anti-JCV antibodies in serum and plasma was developed by Gorelik et al. 2 The objective was to use the anti-JCV antibody serostatus as a tool for risk stratification of natalizumab-treated MS patients. At present, an evaluation of this approach for diagnostic purposes for PML is not available. Therefore, anti-JCV serostatus was not included in our case definition.
In conclusion, the proposed PML case definition permits data comparability among different medicinal products and different settings (clinical trials, postauthorisation safety studies and passive postmarketing surveillance). This case definition may also form a basis for meaningful risk analysis and communication of medicinal product safety for regulators and healthcare professionals.
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Neurological picture

Electrical injury to the brain
A 37-year-old, previously healthy man was sent to our neurovascular outpatient clinic for a second opinion because of a presumed stroke at young age for which no obvious cause was found. The patient had global numbness and clumsiness of his left arm and numbness of the left side of his face, which had started suddenly 3 months prior to the visit, and had improved slightly. The complaints had started after he had touched live electricity cables with his left hand at a construction site. Initially, he also perceived white dots, with both eyes, on either side of his visual field during several days. A reduced sense of touch of the entire left arm and left side of his face, clumsiness of the left arm, and an elevated tendon reflex of the left knee were found on neurological exam. EMG revealed neuropathy of the left ulnar and median nerves. MRI scans four months after onset demonstrated a lesion with spotty appearance of the white matter in the right parietal area. MR angiography, ECG and extensive blood tests were normal.
MULTIPLE CHOICES
What is your diagnosis?
Ischaemic stroke from thromboembolism Stroke caused by reversible vasoconstriction Multiple sclerosis Electrical brain injury Migraine
COMMENT
The lesion has a spotty appearance of the MRI lesion, which is atypical for stroke, and is confined to white matter only, and outside the anatomical vascularisation areas (figure 1). Thus, stroke is highly unlikely, and the appearance of the lesion is more suggestive of the results from the electric shock. The initial visual complaints fit in with this hypothesis. The peripheral nerves, ipsilateral to the side of shock, and the contralateral upper white matter tracts are damaged, suggesting that this whole nerve tract has been injured. Nerves are susceptible to electrical injury, because they form the route of least resistance in the body.
